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The  breakwater  and  entrance  jetties  for  the  Channel 
Islands  Harbor  in  California  form  a total  littoral 
barrier  to  longshore  sand  transport.  The  sand  impounded 
by  these  structures  was  monitored  by  repetitive 
bathymetric  surveys  and  systematic  surface  sand  sampling. 
This  paper  discusses  patterns  of  sediment  deposition 
behind  an  offshore  breakwater.  Data  collected  were 
studied  to  determine  if  the  deposition  observed  agrees 
with  that  predicted  prior  to  construction.  Both  the 
geometry  and  size  distribution  of  the  deposition  sediment 
are  examined. 

Three  dimensional  computer  plots  are  used  to 
illustrate  filling  patterns.  Sediment  size  and  sorting 
distribution  which  occur  during  filling  are  investigated. 
Analyzed  data  allows  an  evaluation  of  predicted  verses 
actual  filling  patterns.  Sediment  distribution  in  the 
impoundment  area  was  evaluated. 


BACKGROUND 

At  Channel  Islands  Harbor  in  Southern  California, 
entrance  jetties  and  an  offshore  breakwater  are  used  to 
provide  a solution  to  a downcoast  beach  erosion  problem 
and  to  provide  a snail  craft  harbor.  This  harbor  is 
located  about  60  miles  (100  km)  northwest  of  Los  Angeles 
and  1 mile  (1.6  km)  upcoast  of  Port  Hueneme  (Figure  1). 
The  harbor  was  constructed  for  the  dual  purposes  of  beach 
erosion  control  and  small  craft  harbor.  Prior  to  Channel 
Islands  Harbor  construction  a serious  erosion  problem 
existed  downcoast  of  Port  Hueneme,  which  was  attributed 
to  diversion  of  littoral  sands  into  the  Hueneme  Canyon  by 
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Figure  1,  Study  Area 


the  Fort  Uuenerae  north  jetty.  Presently,  sands  trapped 
at  Channel  Islands  Marbor  are  bypassed  to  the  south  of 
Port  llueneme  by  periodic  dredging. 

The  offshore  breakwater  is  located  at  a depth  of  3G 
feet  (9  ni);  it  is  2300  feet  (700  m)  long,  about  2000  feet 
(oOO  ra)  from  shore,  and  trends  roughly  parallel  to  the 
shore.  The  design  of  the  sand  trap  was  developed 
empirically  by  considering  the  configuration  of  the  Santa 
Monica,  California  breakwater  fillet  and  by  developing 
diffraction  patterns  for  generally  prevailing  waves 
(Corps  of  Engineers,  104G;  Herron  and  Harris,  1966). 
Figure  2 shows  the  predicted  fillet  developed  for  design 
of  the  sand  trap  and  offshore  breakwater.  During  the 
period  from  April  1974  to  September  1975,  lietween  sand 
trap  dredgings,  repetitive  hydrographic  and  topographic 
surveys  were  conducted  and  surface  sediment  samples  were 
taken.  Surveys  were  made  by  measuring  elevations  along 
22  shore-normal  profile  lines  spaced  at  100  foot  (30  m) 
intervals  (Bruno  and  Gable,  1976).  These  profiles 
covered  the  full  extent  of  the  trap  and  beyond  the  dredge 
area.  Sand  samples  were  taken  on  a grid  of  30  points 
with  a spacing  of  300  feet  (90  m)(Figure  1). 
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Figure  1 shows  the  sites  where  twice  daily  nearshore 
data  v;ere  collected  using  procedures  developed  under  the 
Coastal  Engineering  Research  Center's  (CERC)  Littoral 
Environiient  Observation  (CEO)  program  (3ri>no  and 
lliipakka,  1973;  Berg,  1063).  These  data  include 
observations  of  surf  conditions,  local  winds  and  littoral 
currents . 

By  looking  at  the  plot  of  monthly  averages  on 
breaker  height,  period  and  direction  (Figure  3),  two 
seasons  can  be  identified.  These  can  be  considered  as 
the  general  summer  and  winter  conditions.  From  ’lovenber 
to  !lay  storms  with  larger  breakers  (7-10  feet,  2-3  m)  and 
breaker  angles  greater  than  92  degrees  are  observed. 
However,  from  June  through  October  summer  conditions 
persist.  These  are  smaller  breakers  (2-4  feet,  1 n) , 
and  monthly  average  wave  directions  are  less  than  92 
degrees . 


OEPOSITION  nno-iETP.Y 

The  geometry  of  sand  fillet  formed  behind  the 
offshore  breakwater  is  illustrated  with  the  use  of  three 
dimensional  computer  plots.  For  each  geometry  two  plots 
were  drawn,  first  a perspective  view  of  all  profile 
lines,  then  shore  parallel  grid  lines  were  added  to  give 
the  appearance  of  a surface.  Figure  4 sliows  the  post 
dredge  configuration  in  April  1974.  The  many 
irregularities  in  this  surface  are  the  result  of 
dredging.  The  dredged  area  covered  stations  102+00  to 
118+00.  Dredge  cuts  were  terminated  about  1100  feet  (350 
III)  from  the  baseline  thus  leaving  a sliore  parallel  ridge 
at  1150  feet  (360  m)  from  the  baseline. 

By  February  1975  the  trap  area  shows  significant 
filling  and  smoothing  (Figure  5).  The  fill  is  occuring 
along  the  shore  as  the  beach  builds  seaward.  Also  fill 
can  be  seen  forming  a pronounced  offshore  bar/plateau  at 
a depth  of  about  10  feet  (3  ra) . The  presence  of  the 
ridge  at  1150  feet  (360  m)  offshore  is  still  evident. 

The  September  1975  survey  of  the  fillet  is  shown  in 
Figure  6.  The  only  remnant  of  the  dredge  hole  can  be 
seen  on  stations  103+00  and  104+00,  The  ridge  at  1150 
feet  (360  m)  has'  now  lost  its  identity.  The  shore  has 
prograded  in  a bulge  with  its  apex  at  station  103+00.  At 
the  10  foot  (3  III)  depth  contour  a plateau  can  be  seen 
seaward  of  this  bulge. 
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Deposition  can  l)0  exanincil  Dy  subtractinc  two 
surfaces  and  plotting  the  resulting  difference  stirfacc. 
Figure  7 is  a difference  surface  showing  the  cliange  fron 
lay  1974  through  July  19!’4.  This  was  the  period  of 
initial  adjustment  after  completion  of  tlie  dredging. 
De^iosition  is  irregular  due  in  part  to  adjustments  of  the 
steep,  unnatural  slopes  left  by  tiic  dredge.  There  was 
significant  accretion  along  the  l)cach  even  to  the  most 
slicltered  corner  of  the  traj)  at  station  lO^-^OO. 


I-  igure 


7. 


Difference  Surface,  7 !lay  1974  to  3''*  July  1 • • "1 


A high  rate  of  longshore  transport  of  sand  occured 
during  the  period  flarcli- Apri  1 1975.  Figure  8 sliows  the 
difference  surface  computed  for  this  tine.  Some 
onshore-offshore  adjustments  can  be  seen  on  stations 
117+00  to  122+00,  At  this  time  accretion  occurs  in  two 
bands,  one  along  the  shore  the  other  about  900  feet  (280 
in)  offshore.  The  large  deposition  on  station  lOG^OO  can 
be  identified  with  the  edge  of  the  remaining  dredge  hole. 
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April  1974  to  September  1P7S,  is  shown  in  Flpiire  Ih. 
This  deposition  generally  agrees  with  the  Units  of 
dredging,  i.e.  stations  102+9«  through  llR*0n,  with  the 
maximum  deposition  occuring  whore  the  dredge  hole  was 
deepest  in  April  1974.  Little  or  no  changes  occured 
seaward  of  1200  feet  (370  n)  from  the  baseline. 


st'oiTE.v?-  pnnpi:RTiF.s 

Surface  sediment  samples  were  analyzed  using  the 
CERC  automated  settling  tube  from  which  fall  velocities 
are  determined  and  hence  particle  sizes  are  derived. 
Using  the  phi  scale,  a h phi  class  cumulative  percentage 
is  assigned  over  the  range  of  -1  to  4 phi  for  each 
sample.  From  this  analysis,  means  and  sorting  (standard 
deviation)  are  derived  as  follows: 

phi  moan  = (phi  16%  + phi  84%)/2 
phi  sorting  = (phi  84%  - phi  16%)/2 


Seven  contour  maps  of  surface  sample  means  at  each 
sampling  date  are  shown  in  Figure  11.  Smaller  numbered 
contours  represent  coarser  materials  due  to  use  of  the 
phi  scale.  As  a point  of  reference  the  shoreline  has 
been  added  to  each  map.  Shading  has  also  been  added  to 
delineate  patterns  of  coarseness.  The  basic  pattern  that 
prevails  throughout  all  these  maps  is  the  gradation  of 
sediments  from  coarse  onshore  to  fine  offshore  which  is 
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typical  of  an  open  coastline.  In  the  January  19'^5  nap 
there  is  a deviation  from  t!»is  shore  parallel  pattern. 
At  the  bulye  in  the  shore  the  contours  turn  shore  normal 
indicating;  a gradation  of  sands  across  the  beach. 

Patterns  of  coarseness  in  the  san<I  trap  area  appear 
to  correlate  witli  the  seasons  identified  earlier.  Ourinj 
the  sunner,  fine  sediments  nay  he  <^oun<l  in  the  offshore 
zone  (June,  July  197-1  and  Scptcn})cr  1975),  but  in  the 
winter  there  is  sufficient  wave  energy  to  carry  coarser 
materials  to  the  offshore  area  (January,  1975),  and  the 
offshore  zone  is  composed  of  coarser  material  as  compared 
to  the  summer  season. 

In  a similar  fashion,  sorting  maps  wore  prepared  for 
the  sample  dates  (Figure  12).  Smaller  numbers  indicate 
better  sorted  samples  with  sizes  ranging  close  to  the 
mean  value.  ihe  poor  sorting  patterns  indicated  by  the 
shaded  areas  occur  offsliore  during  the  winter  season  of 
higlicr  energy  and  insliore  during  the  lower  energy  summer 
season.  Looking  at  botli  mean  and  sorting  for  January 
1975,  it  can  be  seen  the  available  wave  energy  has 
removed  tlie  finer  fraction  from  inshore  and  left  a well 
sorted  coarse  material.  Also  this  type  environment  has 
carried  some  coarser  materials  offshore  producing  a 
poorly  sorted  deposit  with  mean  of  2,5  to  3,0  phi, 

Fxtrcmely  higli  values  of  sorting  shown  for  the 
onshore  zone  for  -lay  and  September  1975,  indicate  two 
transport  environments.  Tins  very  poorly  sorted  material 
reflects  the  superposition  of  sands  deposited  by  waves 
and  that  transported  l)y  wind  action. 

In  general,  the  sorting  patterns  trend  shore 
parallel  which  is  indicative  of  beach  processes.  Any 
sorting  due  to  the  presence  of  the  offshore  breakwater  is 
not  reflected  in  the  surface  samples. 

The  seven  samples  at  each  point  taken  over  the  study 
period  can  be  combined  to  form  a composite.  This 
composite  was  produced  by  v;eighting  the  class  frequency 
distribution  by  the  amount  of  deposition  to  produce  a 
composite  frequency  distribution.  flean  and  sorting  are 
then  calculated  from  this  composite.  Figure  13  shows 
composite  weighted  maps  of  mean  and  sorting.  The 
composite  sortings  arc  generally  higher  values  than  the 
individual  episode.  This  is  an  expected  artifact  of  the 
ma  tliema  tics. 


The  composite  mean  map  shows  the  general  pattern  of 
coarseness  inshore  grading  to  fine  offshore.  The 
composite  sorting  map  shows  that  the  deepest  dredge  hole 
at  the  outset  of  the  study  contains  tlie  poorest  sorted 
material.  This  indicates  that  all  materials  which  were 
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brought  to  this  point  wore  deposited,  whether  they  were 
fines  brought  in  under  low  energy  currents  or  coarse 
Material  transported  by  high  energy  waves. 

In  studying  the  composite  mean  values  a linear  trend 
is  evident.  Therefore,  a best-fit  linear  surface  was 
determined  (33'i  sum  of  squares  reduction)  and  is  shown  in 
Figure  14a.  The  residuals  of  this  fit  are  shown  in 
Figure  14b.  This  residual  map  indicates  with  negative 
values  those  areas  where  the  material  was  coarser  than 
the  linear  fit.  The  strong  negative  values  shaded  are 
indications  that  gradation  is  occuring  across  the  trap  as 
well  as  onshore-offshore. 


ACTUAL  VS  hI'Sir.;!  FILL 

Figure  IS  shows  the  predicted  designed  sand  trap 
geometry  and  the  actual  fillet  as  measured  in  September 
1975.  Tlie  -12  foot  (-4  n)  contour  shows  good  agreement 
with  its  predicted  position  at  stations  112*00  to  120*00. 
Presumably  this  contour  v/ould  prograde  to  nearly  the 
predicted  position  inside  the  trap  as  the  trap  continues 
to  fill.  Tlie  remnant  of  the  dredge  Iiole  persists 
throughout  the  study  and  can  be  seen  in  the  September 
1975  contours,  but  was  not  predicted  in  the  original 
design.  As  a result  of  this  hole  the  -12  and  -6  foot  (-4 
and  -2  n)  contours  are  closely  spaced  Indicating  a much 
steeper  slope  on  the  seaward  side  of  the  fillet. 

In  the  upcoast  region  of  the  fillet  the  -6  foot  (-2 
m)  and  MIIW  contours  are  displaced  considerably  seaward  of 
predicted  values.  This  indicates  that  more  of  the  fill 
occured  onshore  and  in  depths  of  less  than  6 feet  (2  m) 
than  was  expected.  In  this  respect,  Herron  and  Harris 
(1966)  reported  that  the  refilled  trap  area  extended  well 
beyond  predicted  contour  lines  during  the  first  and 
second  dredge  cycles  in  196J  and  1965.  For  those  dates 
the  sand  trap  was  dredged  to  a depth  of  -30  feet  (-9  ra) . 
Since  1965  the  trap  has  been  dredged  to  a depth  of  -35 
feet  (-11  m) . 


DREUGIMG  PATTERN 

It  is  desirable  to  place  the  material  dredged  from 
the  Channel  Islands  sand  trap  on  the  feeder  beach 
downcoast  of  Port  Hueneme  whore  it  has  the  same  textural 
properties  as  that  of  the  natural  nearshore  material 
upcoast  of  the  Channel  Islands  Harbor  trap.  The  data 
analysis  presented  shows  that  the  material  contained  in 
the  sand  trap  area  tends  to  be  coarser  from  onshore  to 
offshore  and  from  upcoast  to  downcoast.  This  coarse  to 
fine  distribution,  however,  is  certainly  not  well  defined 
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by  tiie  surface  sand  sainple  data.  To  achieve  a well  '•lixed 
bypass  natcrial  for  the  feeder  beach  would  require 
sinultaneous  dredging  from  the  fine  and  coarse  material 
areas.  This,  of  course,  is  not  possible  with  a single 
pipeline  dredge.  The  pattern  that  lias  generally  been 
utilized  at  the  channel  Islands  Harbor  sand  trap  is  to 
make  a series  of  cuts  norr.ial  to  tl.e  shore  with  tlie  cuts 
starting  at  the  updrift  side  of  the  sand  traji  area.  This 
dredging  pattern  results  in  placement  of  material  in  the 
feeder  beach  which  progressively  varies  in  size 
characteristic  from  fine  to  coarse  with  each  dredge  cut 
and  as  the  cuts  progress  toward  the  Channel  Islands 
Harbor  entrance  the  material  is  of  a finer  gradation. 
Thus,  the  overall  texture  of  the  resultant  feeder  beach 
is  a mixture  of  fines  and  coarse  material  for  the 
landward  portion  and  the  seaward  portion  is  a finer 
material  characteristic  since  it  is  composed  of  material 
from  the  southerly  portion  of  the  sand  trap  area.  There 
is  no  apparent  dredging  pattern  for  the  trap  area  that 
would  optimize  a mixture  of  the  material  composing  the 
trap  area.  The  basic  function  of  a feeder  beach  is  to 
erode  and  nourish  the  shores  downdrift.  The  dredging 
pattern  that  has  been  utilized  in  the  bypassing  operation 
is  a good  compromise  in  terms  of  tlie  basic  function  of 
the  feeder  beach.  If  material  from  the  sand  trap  was  to 
serve  as  a beach  fill  to  protect  onshore  installations, 
say  in  the  feeder  beach  shore  sector,  then  an  improved 
dredging  pattern  would  bo  to  make  dredge  cuts  parallel  to 
the  shore  starting  in  the  offshore  area  of  the  trap  and 
progressing  shoreward  to  tlie  shoreward  trap  limits. 


COMCLUDl'X.  RfltRCS 

The  survey  data  taken  over  the  period  of  study 
indicated  the  filling  pattern  and  resultant  geometry  of 
the  sand  trap  area  were  relatively  close  to  that 
predicted.  Differences  in  bottom  slope  in  the  6-12  foot 
(2-4  m)  zone  were  noted  for  the  predicted  versus  the 
actual.  The  actual  slope  in  this  zone  was  steeper  than 
predicted;  however,  it  could  bo  rationalized  that  if  the 
sand  trap  area  were  permitted  to  accumulate  additional 
material  and  adjust  to  tlie  incident  wave  energies,  the 
predicted  and  actual  bottom  slopes  of  the  impoundment 
area  would  probably  be  in  close  agreement. 

The  design  and  physical  features  of  the  Channel 
Islands  Harbor  offshore  breakwater  and  entrance  jetty 
system  would  suggest  that  there  should  be  a distinct 
pattern  of  coarse  to  fine  composition  for  the  littoral 
materials  impounded  in  the  trap  area.  The  sand  sample 
data  do  not  clearly  confirm  this  suggestion.  The  data 
indicates  a trend  of  the  pattern  but  the  results  were  not 
as  distinct  as  one  would  have  predicted.  One  influencing 
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factor  for  tliLs  could  be  the  hi^h  wave  cnerRy  environment 
at  the  study  site,  I^ottom  cores  are  schoviuled  to  he 
taken  in  the  trap  area  prior  to  the  next  dredp.inR 
(September,  1977)  of  tlie  trap  and  these  core  data  will  he 
analyzed  to  further  evaluate  tlie  material  distribution 
pattern  in  the  trap  area. 

\(.:i:';ow Lr.ic.r'ii;  :ts 

Tliis  paper  resulted  fron  researcli  conducted  at  the 
Coastal  r.ngincer ing  Research  Center  of  tiic  'J.S.  Army 
Corps  of  Lnninoers.  Opinions  expressed  arc  those  of  t)ie 
authors  and  not  to  be  construed  as  an  official  department 
of  Army  position. 

The  authors  wisit  to  thank  the  personnel  of  the 
Survey  Ilranch,  Los  Angeles  District,  Corps  of  CnRineers, 
for  their  assistance  in  the  data  collection  phases  of  the 
s t udy . 


iirFnunvrns 

Firi’G,  n,  iV,,  196S,  "Systematic  Collection  of  Beach  Data", 
r.lcventh  Conference  on  Coastal  rnRineering,  American 
Society  of  Civil  l-nRirieers,  Chapter  17,  pp.  273-297. 

BRUNO,  R.  0,  and  G\RLr!,  C,  G.,  1976,  "Longshore  Transport 
at  a Total  Littoral  Barrier",  Fifteenth  Conference  on 
Coastal  Hngineering,  American  Society  of  Civil  engineers. 
Chapter  71,  pp.  1203-1222. 

BRUNO,  R.  0.,  and  HIIPAKICA,  L.  W.,  1973,  "Littoral 
Environment  Observation  Program  in  the  State  of 
Michigan",  Proceedings,  Sixteenth  Conference  on  Great 
Lakes  Research,  International  Association  on  Great  Lakes 
Research,  pp,  497-507. 

U.S.  Army  Corps  of  Fingineers,  Los  Angeles  District,  1948, 
"Harbor  and  Shore  Protection  in  the  Vicinity  of  Port 
Hueneme,  California",  1-71. 

HERRON,  W.  J.,  and  HARRIS,  R.  L.,  1966,  "Littoral 
Bypassing  and  Beach  Restoration  in  the  Vininity  of  Port 
Hueneme,  California",  Proceedings,  Tenth  Conference  on 
Coastal  Engineering,  American  Society  of  Civil  Fingineers, 
Chapter  33,  pp.  651-075. 


¥ 


D D C 

MAR  so  !978 


MAR  SS  I97t 

ULilblL-Ltiij  J 


El 


D 


ljCLASSm£D 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Data  Entarad) 


REPORT  DOCUMENTATION  PAGE 


11.  REPORTA4UME 


lT.  ..  V \ L\  K i,  / J / * / ^ 


1 4.  TITLE  fand  54 


PEDIMENTS  JLMPOUNDED  BY  AN  OFFSHORE  JREAKWATER 


17.  AUTHORTci. 


e' 


Richard  O./Bruno^ 
George  M. /Watts 
: Christopher  G. /Gable 


• E AND  ADDRESS 


Department  of  the  Army  ^ 

Coastal  Engineering  Research  Center  (CEREN-EV) 
Kingman  Building,  Fort  Belvoir,  Virginia  22060 

CONTROLLING  OFFICE  NAME  AND  ADDRESS  X 

Department  of  the  Army  ( / 

Coastal  Engineering  Research  Center 

Kinpman  Building.  Fort  Belvoir.  Virginia  22060 
monitoring  agency  name  a ADDRESSCI/  ditlarant  from  Controlling  Ollica) 


1 16.  DISTRIBUTION  STATEMENT  (ol  thia  Raport) 


READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

3.  RECIPIENT'S  CATALOG  NUMBER 


5.  type  of  report  a period  covered 


Reprint 

6.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBER^*; 


10.  PROGRAM  element,  PROJECT,  TASK 
AREA  ft  WORK  UNIT  NUMBERS 


D31199 


—20 

UNCLASSIFIED 


ISa.  oeclassification/downgrading 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (0t  (A#  mbmtrmct  antarad  in  Block  20,  it  diifmrmtt  irom  Roport) 


18.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Continum  on  rararaa  a/da  //  nacaaaaiy  and  Identify  by  block  number) 

Channel  Islands,  California 

Littoral  Environment  Observation  program 

Offshore  breakwater 

"io!  ABSTRACT  (Caat^ua  aa  rararaa  mt-da  ff  naaaaaat,  and  Idanilty  bjr  btoek  numbar) 


Sediments 
Shore  protection 


"Vlhe  breakwater  and  entrance  jetties  for  the  Channel  Islands  Harbor  in 
California  form  a total  littoral  barrier  to  longshore  sand  transport.  The 
sand  impounded  by  these  structures  was  monitored  by  repetitive  bathymetric 
surveys  and  systematic  surface  sand  sampling.  This  paper  discusses  patterns 
of  sediment  deposition  behind  an  offshore  breakwater.  Data  collected  were 
studied  to  determine  if  the  deposition  observed  agrees  with  that  predicted 
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prior  to  construction.  Both  the  geometry  and  size  distribution  of  the  depo- 
sition sediment  are  examined. 

Three  dimensional  computer  plots  are  used  to  illustrate  filling  patterns. 
Sediment  size  and  sorting  distribution  which  occur  during  filling  are  investi- 
gated. Analyzed  data  allows  an  evaluation  of  predicted  verses  actual  filling 
patterns.  Sediment  distribution  in  the  impoundment  area  was  evaluated. 
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